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(57) Abstract: The invention relates to a method for 
measurement of temperature with detector (1) which is of the 
inductive type and comprises a coil (5) and a core (4) movable 
within the coil, the position of said core in relation to the coil (5) 
being dependent on the position of said element (9), wherein the 
method comprises: connecting a regularly alternating voltage 
to said coil (5), and measuring the current (i) flowing through 
coil. The method according to the invention is characterised by 
comprising: measuring a first period of time (t<?l?) needed for 
said current (i) to change from a first predetermined level (ii) 
to a second predetermined level (12); measuring a second period 
of time (ty,2?) passing from when said voltage changes polarity 
until said current (i) reaches said second period of time (1^2?) 
passing from when said voltage changes polarity until said 
current (i) reaches said second predetermined level (i^2?); and 
deriving a measurement of the temperature (T) in connection 
with the detector (I) on the basis of the measurements of 
said first period of time (t£l?) and said second period of time 
(t^2?). Through the invention, an improved measurement 
of temperature is provided, primarily for automotive vehicle 
gearboxes. 
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TITLE: 

5 Method and device for measurement of temperature. 
TECHNICAL FIELD: 

The present invention relates to a method for measurement 
of temperature, in accordance with the preamble of the 
10 accompanying claim 1, In particular, the invention will 
find its application in connection with automotive 
vehicles . 

The invention also relates to a device intended for such 
15 measurement of temperature, in accordance with the 
preamble of the accompanying claim 11. 

BACKGROUND ART: 

In many technical contexts, there exists a requirement 
20 for devices and methods for measuring physical 
parameters, such as for example the temperature. In 
connection with vehicles, for example heavy-duty trucks, 
temperature sensors are utilised in connection with the 
vehicle gearbox, for detection of, for example, the 
25 temperature of the gear oil. 

A known type of gearbox comprises a so-called splitter 
ratio means, a main gearbox section and a range ratio 
means. The splitter ratio means is located closest to the 

30 clutch and functions as a full/half step ratio means. The 
main gearbox section is located in the middle and 
functions like a conventional gearbox for e.g. a 
passenger car. The range ratio means, finally, is located 
at the rear and functions like a range gearbox. For 

35 correct operation of the gearbox, detection of a 
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measurement of the temperature of the gear oil is 
required, which in that case is used in a control unit 
intended for the vehicle's transmission. Of course, 
additional temperature sensors may also be present in the 
5 vehicle. 

One problem in connection with known arrangements for 
measurement of temperature is that a particular sensor is 
necessary. This results in increased costs for hardware 
10 (i.e. the actual temperature sensor) as well as for 
assembly of the relevant components. 

DISCLOSURE OF THE INVENTION: 

A primary object of the present invention is to solve the 

15 above problems and to provide an improved method for 
measurement of temperature, in particular in an 
automotive vehicle drive line. This is achieved by a 
method as discussed in the introduction, the 
characteristics of which are defined by claim 1, wherein 

20 the method according to the invention relates to a method 
for measurement of temperature with detector which is of 
the inductive type and comprises a coil and a core 
movable within the coil, the position of said core in 
relation to the coil being dependent on the position of 

25 said element, wherein the method comprises connecting a 
regularly alternating voltage to said coil and measuring 
the current flowing through the coil. The method 
according to the invention is characterised in that it 
comprises: measuring a first period of time needed for 

30 said current to change from a first predetermined level 
to a second predetermined level; measuring a second 
period of time passing from when said voltage changes 
polarity until said current reaches said second 
predetermined level; and deriving a measurement of the 

35 temperature in connection with the detector on the basis 
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of the measurements of said first period of time and said 
second period of time. 

The object is also achieved by a device as discussed in 
5 the introduction, the characteristics of which are 
defined by claim 11, wherein the device is intended for 
measurement of temperature with a detector which is of 
the inductive type and comprises a coil and a core 
movable within the coil, the position of said core in 

10 relation to the coil being dependent on the position of 
said element, wherein the device comprises: an amplifier 
means for connecting a regularly alternating voltage to 
said coil and a measuring device for measuring the 
current flowing through the coil. The device according to 

15 the invention is characterised in that the measuring 
device is intended for measuring a first period of time 
needed for said current to change from a first 
predetermined level to a second predetermined level; that 
the measuring device is intended for measuring a second 

20 period of time passing from when said voltage changes 
polarity until said current reaches said second 
predetermined level; and that said measuring device is 
intended for deriving a measurement of the temperature in 
connection with the detector on the basis of the 

25 measurements of said first period of time and said second 
period of time. 

With the invention, a method and a device for measurement 
of temperature with high accuracy will be achieved in 
30 environments where temperatures vary strongly with time 
and space. Furthermore, any existing sensors in the 
vehicle can be excluded, which is an essential advantage 
as regards the invention. 
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A relatively high frequency of said square wave voltage 
can be selected, allowing a large number of measurements 
to be performed and a mean value of said measurements to 
be calculated. This secures that temporary variations, 
5 e.g. due to vibrations of the position sensor, will not 
influence the measurements forming the basis of the 
measurement of temperature according to the invention. 

Advantageous embodiments are described in the subsequent, 
10 dependent claims. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

The invention will be explained below in connection with 
preferred embodiments and the enclosed drawings, in 
15 which: 

Fig. 1 illustrates, schematically and in partial cross- 
section, a position sensor and a control device that can 
be utilised according to the invention, 

20 

Fig. 2 shows a voltage and current diagram, illustrating 
the function of the position sensor, 

Fig. 3 shows two current curves, corresponding to two 
25 different temperatures, 

Fig. 4 shows two current curves, illustrating how a 
temperature compensation during measurements with the 
position sensor can be performed, and 

30 

Fig. 5 shows how the existing position sensor can be 
utilised during measurement of the ambient temperature. 



PREFERRED EMBODIMENT: 
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Fig. 1 shows a position sensor 1 of a type that, in 
accordance to what will be described below, can be 
utilised for a method and a device for measurement of 
temperature in accordance with the present invention. 
5 According to a preferred embodiment, the position sensor 
1 is intended for use in connection with heavy-duty 
trucks, more particularly for position detection in a 
clutch or a gearbox of the vehicle. Consequently, the 
lower portion of the figure shows a side view, in partial 

10 cross-section, of a position sensor 1, arranged in a 
cover or casing 2, for example in such a clutch or 
gearbox. The position sensor 1 is arranged for attachment 
in a hole through the casing 2 by means of a screw 3. In 
this way, the position sensor 1 extends through said 

15 casing 2. 

The position sensor 1, the function and construction of 
which is described in the Swedish patent application No. 
9901876-4 (corresponds to international patent 

20 application No. PCT/SE00/00983) , comprises a movable 
element in the form of a core 4, being arranged inside 
the casing 2 and movable within a coil 5 (indicated with 
dashed lines) . The coil 5 is further connected to a 
separate measuring device 6, via two electrical 

25 connections 7, 8. The measuring device 6 and its function 
will be described in detail below. The position sensor 1 
can be utilised with a system according to the circuit 
diagram illustrated in Fig. 1, but it is not limited to 
this but may be realised in other ways. 

30 

The position sensor 1 is of the inductive type, a type of 
sensor as such known. Further, the position sensor 1 is 
installed in the casing 2 in such a way that the core 4 
can be mechanically influenced by an element 9, movable 
35 back and forth along the longitudinal direction of the 
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core 4, as indicated by an arrow 10. In the applications 
suitable for the position sensor 1, the element 9 may in 
reality consist of, for example, a shaft, a piston rod or 
a sleeve. The position sensor 1 is however not limited to 
5 these examples, but may be applied also with other 
components. Preferably, the element 9 is arranged so as 
to allow displacement back and forth for a certain 
distance, which may for example lie within a range 
between a few millimetres and up to a few hundred 

10 millimetres. According to what was discussed initially, 
the inductance of the coil 5 will vary according to how 
far into the coil 5 the core is displaced. The position 
of the core 4 is in turn dependent of the position of the 
element 9 along the longitudinal direction of the core 4. 

15 In the following will be described how a measure of the 
inductance, and thereby of the position of the element 9, 
can be determined. 

The position sensor 1 is, as was mentioned above, 
20 connected to a measuring device 6. Said device includes a 
computer unit 11 arranged for control and measurement in 
connection with position detection. To this end, the 
computer unit 11 is functioning to drive a first 
operational amplifier 12, via a resistor 13 connected to 
25 the negative input of the operational amplifier 12, 
causing a square wave voltage to appear at the output of 
the operational amplifier 12. The output of the 
operational amplifier 12 is hereby fed back to its 
negative input via a further resistor 14. The square wave 
30 voltage is output at a connection 15 and fed through the 
coil 5. Preferably, the square wave voltage has a 
frequency lying in the range between 2 Hz and 2 kHz. 

According to what was explained above, the voltage across 
35 the coil 5 will cause a current i that will vary with 
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time. The current i can be measured, by the coil 5 also 
being connected to a second connection 16 of the 
measuring device 6. This connection 16 is connected to a 
second operational amplifier 17 , which, according to the 
5 embodiment, is connected as a current-voltage converter, 
with a resistor 18 between the output of the operational 
amplifier 17 and its negative input. The output of the 
operational amplifier 17 is further connected to an input 
of the computer unit 11, via an electrical connection 19. 

10 The measurement current i is fed to the connection 16, 
and according to previously known relationships, the 
potential at the output of the second operational 
amplifier 17 will be substantially equal to the reverse 
sign of the current i, multiplied by the resistance of 

15 the resistor 18. This voltage can be detected in the 
computer unit 11, through which a value of the current i 
can be determined. 

One possible field of application area is to use the 
20 above-mentioned position sensor 1 in connection with 
gearboxes for heavy-duty trucks, more precisely during 
detection of the position of the gear ratios forming part 
of the gearbox. For example, four position sensors of the 
above-mentioned type may in this case be utilised in such 
25 a gearbox, although the number of course may vary. 

The principle of utilising the per se known position 
sensor 1 for position detection will now be described in 
detail. An important principle of the function of the 
30 position sensor 1 is that the period of time ti, needed 
for the current to rise from a first level ii to a second 
level i 2 , is measured. This measured time period t x will 
provide a measure of the position of the core 4, because 
the inductance of the coil 5 (and thereby the time 
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constant L/R for the change in the current i) will vary 
in dependence of how far into the coil 5 the core 4 has 
been inserted. 

5 In Fig. 2, the function of the position sensor 1 is 
illustrated by means of current and voltage diagrams. The 
above-mentioned square wave voltage delivered by the 
first operational amplifier is illustrated by a dashed 
line 20. According to the embodiment, the square wave 

10 voltage is selected to be symmetrical about 0 V and to 
vary between two values, U and -U, respectively. The 
current i through the coil 5 is illustrated by a 
continuous line 21. When the square wave voltage changes 
polarity, the time derivative of the current i will 

15 change sign, and the current will change at a certain 
rate, depending on the inductance. The inductance, in 
turn, will depend on how far into the coil 5 the core 4 
has been inserted. The inductance of the coil 5, and 
thereby the position of the element 9, can be determined 

20 by the computer unit 11 (see Fig. 1) measuring the period 
of time ti needed for the current i to change from a 
first value i x to a second value i 2 . 

As the core is magnetised by means of a symmetrical 
25 alternating voltage (e.g. a square wave voltage) across 
the coil, a symmetrical magnetising curve / hysteresis 
curve is obtained (the magnetic field B as a function of 
N*i, where N is the number of turns of the coil) . The 
inclination of this curve determines the instantaneous 
30 inductance of the coil (at each point of the curve) . The 
magnetising curve exhibits the advantageous 
characteristic of the instantaneous inductance being 
relatively uninfluenced by the temperature, where the 
current i is close to zero. Furthermore, the influence 
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from the coil resistance (and thereby its temperature 
dependence) will be small, as the current through it is 
small . 

5 In order to obtain accurate measurements, the measuring 
time ti should be as long as possible, and, consequently, 
the two current levels ii, i 2 , are selected as far apart 
as possible. The optimum current level values will have 
to be tried out from case to case, and are usually not 
10 located symmetrically about zero. 

The magnetic properties of the magnetic core are non- 
linear and temperature-dependent. When a magnetising 
curve is run through, energy is needed, which can be seen 

15 partly as a loss resistance connected in series with the 
coil resistance. Together with the temperature dependence 
of the coil resistance, the total temperature dependence 
will become complex, particularly if the core and the 
coil will receive different temperatures, e.g. during 

20 transients. 

One particular advantage as regards the position sensor 1 
is that a low temperature dependence will be obtained if 
the current levels ii and i 2 are selected closely enough 

25 to zero. This is due to a. o. the fact that the 
resistance of the coil 5 will not influence the time 
derivative of the current i at a current i close to zero. 
More particularly, this is due to the magnetic properties 
of the core 4, and the so-called series resistances 

30 occurring in the coil 5 and the core 4, will have little 
influence at low currents if, at the same time, the 
condition of symmetrical magnetisation is fulfilled 
through symmetrical voltage feeding. Thus, the current 
levels ii and i 2 are selected to lie within an interval 

35 close to zero, exhibiting a low temperature dependence. 
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Fig. 3 shows in further detail how the current levels, 

11, i 2 , can be selected. The figure is an enlarged 
portion of the diagram of Fig* 2 and shows two current 

5 curves that are both of the type shown in Fig. 2, but 
where one current curve 22 shows the current in case the 
position sensor is working at a relatively low 
temperature (e.g. 25° C) and the other current curve 23 
shows the current when the position sensor has a 
10 relatively high temperature (e.g. 105° C) . As a 
consequence of the temperature dependence described above 
it applies that the two curves 22, 23 will appear 
somewhat different. 

15 During position detection, the computer unit 11 will 
measure the time ti needed for the current i to pass from 
the first current value ii to the second current value 

1 2 . In Fig. 3, that period of time ti is indicated, which 
will pass while the current curve 22 (corresponding to a 

20 relatively low temperature) runs between the two levels 
ii/ i2- 

According to an embodiment, described with reference to 
Fig. 5, the length of a period of time t 2 passing from 

25 when the square wave voltage switches over and changes 
polarity until one of the current levels is reached, can 
be utilised as a measurement of the temperature. If 
required, a further refined temperature compensation can 
therefore be performed in addition to what has been 

30 described above, more particularly through an additional 
calculated compensation. Furthermore, this alternative 
embodiment of the position sensor can be utilised for 
obtaining a measurement of the temperature in the area 
surrounding the position sensor. 



35 
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It is a basic principle of the present invention to 
utilise the per se known position sensor for measurement 
of temperature. In accordance with the invention, a 
measurement regarding the position of the position 
5 sensor, i.e. corresponding to the measured period of time 
ti needed for the current i to rise from a first level ii 
to a second level i 2 , can be utilised together with a 
measurement of t 2 for obtaining a temperature value 
regarding the ambient temperature of the gearbox. This is 

10 based on the fact that the period of time t 2 is a 
function of the electrical time constant of the sensor, 
which in turn is dependent on its inductance L and 
resistance R. Essentially, L is dependent on the position 
of the sensor, while the resistance R is dependent on the 

15 temperature T of the sensor. This means that: 

t 2 = functioni (L (x) , R (T) ) 
which means that: 

20 

t 2 = function 2 (ti, T) 

which means that: 

25 T = function 3 (ti, t 2 ) 

Thus, the period of time t 2 will vary with the 
temperature and with the position of the sensor. This 
means that a value regarding the position x of the sensor 

30 (i.e. corresponding to ti) is taken out first, whereupon 
a measurement of the ambient temperature T can be 
calculated from t 2 - In this case, the period of time t 2 
corresponds to the period of time passing from when the 
current i through the coil 5 increases from a first 

35 predetermined value (e.g. ii) to a second predetermined 
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value (e.g. 12) . In this case, the period of time t 2 
corresponds to the period of time passing from when the 
above-mentioned square wave voltage switches over and 
changes polarity until the current level 12 is reached. 

5 

If a system with for example four position sensors is 
utilised in a gearbox, in accordance with what has been 
mentioned above, a measurement of the ambient .temperature 
of the gearbox can be obtained. More precisely, this can 
10 be provided by means of a suitable weighing of the 
temperature values from the respective sensor, e.g. by 
calculating an average of the temperature values from the 
respective sensor or by weighing weighted values from the 
respective sensor. 

15 

The position sensor described above can also be utilised 
in connection with a diagnosis method, wherein a 
diagnosis of a system consisting of more than one 
position sensor of the above-mentioned type can be 

20 accomplished by comparing measurement values regarding 
the respective position sensor. In a system with for 
example four position sensors (in accordance with what 
has been mentioned above) , the invention can be 
implemented by means of the computer unit 11 being 

25 adapted for controlling whether a predetermined 
measurement signal from a given position sensor deviates 
from a corresponding measurement signal from the other 
position sensors in the system. In this case, a measured 
value regarding the temperature of a certain sensor can 

30 for example be compared with the values regarding the 
temperature from the other sensors. If the temperature 
value from the sensor which is controlled deviates more 
than a certain permissible limit value from the other 
sensors, it can be established that an error is evident 

35 in the sensor which is controlled. Alternatively, the 
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temperature value from the sensor which is controlled can 
be compared with a certain weighted value from all the 
other sensors, e.g. the average of the temperature values 
from the other sensors. In this case, the computer unit 
5 11 can be adapted for emitting some sort of alarm signal 
which informs a user of the fact that a position sensor 
needs to be exchanged or repaired. 

Alternatively, the diagnosis can consist of a control of 

10 whether the relation between the measured periods of time 
ti and t 2 of a first position sensor deviates from 
corresponding relation between these periods of time of 
the other position sensors in the system. If the 
difference between the relation between ti and t 2 of the 

15 first position sensor deviates more than a certain limit 
value from corresponding relation of each one of the 
other position sensors, the computer unit 11 can 
establish that an error probably is evident in the first 
position sensor. As an alternative to this method, the 

20 computer unit 11 can be adapted to control whether the 
relation between ti and t 2 of the first position sensor 
deviates more than a certain maximum value from the 
average of the corresponding relations between ti and t 2 
of the other position sensors. In this case, this too can 

25 be said to correspond to a situation where the first 
position sensor is incorrect. Thus, this alternative 
diagnosis method can be said to correspond to that the 
function "f unction 3 ( ti, t 2 )", according to what has been 
mentioned above, is replaced by an alternative function 

30 "f unction 4 (ti, t 2 )". Thus, the diagnosis method according 
to the invention is not limited to any specific function, 
by means of which the respective sensor is controlled. 

A diagnosis method can also be realised by means of the 
35 fact that only the period of time ti (which indicates a 
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measurement of the position of the respective sensor) for 
a certain sensor is compared with a correspondingly 
measured period of time for another sensor (or for all 
the other sensors in a system with several sensors) . If 
5 the deviation between the period of time ti of the sensor 
which is controlled, compared with a corresponding 
measurement of any other sensor (or for example an 
average of corresponding measurements from all the other 
sensors), is larger than a certain expected value, it can 
10 be assumed that the sensor which is controlled is defect. 

Thus, the above-mentioned diagnosis method utilises a 
measurement of a period of time passing from when the 
square wave voltage changes polarity until the current 
15 reaches a certain level, wherein the current level can be 
the above-mentioned first level ii or the above-mentioned 
second level i 2 , or any other suitable current level 
during the magnetisation course for the core 4 of the 
coil . 

20 

When a certain given position sensor has been controlled 
in any of the above-mentioned manners, the computer unit 
11 will move on and control the other position sensors in 
proper order. Suitably, this diagnosis method is repeated 

25 continuously during operation of the gearbox, so that all 
the sensors are controlled in accordance with a periodic 
course of events. However, it shall be noted that the 
principle according to the invention regarding the above- 
mentioned measurement of temperature is not dependent on 

30 any diagnosis method being carried out. 

One particular advantage as regards the measurement of 
temperature, if it is used in connection with gearboxes, 
is that existing temperature sensors, which are of 
35 frequent occurrence, can be eliminated. This results in 
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cost savings and a simplified manufacture of the gearbox 
in question. 

The function according to the invention can be further 
5 refined by means of the fact that the measurement of 
temperature for the respective position sensor can be 
used for calculating the mean value of the results from a 
large number of measurements of the time ti. This is 
enabled by the square wave voltage having a relatively 

10 high frequency, in the order of 250 Hz. For this purpose, 
the computer unit 11 is operable to determine a mean 
value of for example 10 or 50 measurements of the current 
position of the element 9. The advantage of this method 
is that any influence from occasional deviations of the 

15 position of the element 9, for example caused by 
vibrations or transient movements, can be eliminated. 

The invention will not be limited to what has been 
described above, but various embodiments are conceivable 
20 within the scope of the claims. For example, the 
measurement of temperature according to the invention is 
suitable for use in many different applications, e.g. 
components in a vehicle drive line or other industrial 
products . 

25 

Furthermore, in accordance with what has been described 
above, the measurement of temperature can be carried out 
without any form of diagnosis (for example according to 
the above-mentioned diagnosis method) being carried out. 

30 

Furthermore, square wave voltages with various 
frequencies and "duty cycles' 7 may be used. For example, 
the invention is not limited to using a supply voltage 
with a time-symmetrical square wave shape, but other 
35 waveforms are also conceivable. 
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CLAIMS: 

5 

1. A method for measurement of temperature with detector 
(1) which is of the inductive type and comprises a coil 
(5) and a core (4) movable within the coil, the position 
of said core in relation to the coil (5) being dependent 

10 on the position of said element (9), wherein the method 
comprises : 

connecting a regularly alternating voltage to said 
coil (5), and 

measuring the current (i) flowing through the coil, 
15 characterised by comprising: 

measuring a first period of time (ti) needed for 
said current (i) to change from a first predetermined 
level (ii) to a second predetermined level (i 2 ); 

measuring a second period of time (t 2 ) passing from 
20 when said voltage changes polarity until said current (i) 
reaches said second predetermined level (i 2 ) ; and 

deriving a measurement of the temperature (T) in 
connection with the detector (1) on the basis of the 
measurements of said first period of time (ti) and said 
25 second period of time (t 2 ) . 

2. The method according to claim 1, 

characterised by comprising determining a 
measurement of the core (4) position through measuring 
30 said period of time (ti) . 

3. The method according to any of the preceding claims, 
characterised by comprising diagnosing 
said detector (1) through comparison between values based 

35 on said measured periods of time (ti; t 2 ) in relation to 
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an expected limit value, and determining whether any 
errors are evident in said sensor (1) through said 
comparison. 

5 4. The method according to claim 3, comprising detection 
with several sensors (1), 

characterised by said comparison relating 
to values regarding said measured periods of time (ti; 
t2) of a first sensor (1) and corresponding values of 
10 other sensors. 

5. The method according to any one of the preceding 
claims, 

characterised by said levels (ii, i 2 ) 
15 being selected within such an interval that the 
measurement of said time (ti) will result in minimum 
temperature dependence. 

6. The method according to claim 5, 

20 characterised by said levels (ii, i 2 ) 
being selected close to zero. 

7. The method according to any one of the preceding 
claims, 

25 characterised by said alternating voltage 
being a square wave voltage. 

8. The method according to claim 7, 

characterised by said square wave voltage 
30 being selected symmetrically so as to alternate between 
two voltage levels lying symmetrically about 0 V. 



9. The method according to any one of the preceding 
claims, 
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characterised by said square wave voltage 

having a frequency between 2 Hz and 2 kHz. 



10. The method according to 
5 claims, 

characterised b 
of measurements of said time 
value of said time (ti) . 



any one of the preceding 

y utilising a large number 
(ti) for determining a mean 



10 11. A device for measurement of temperature with detector 
(1) which is of the inductive type and comprises a coil 
(5) and a core (4) movable within the coil, the position 
of said core in relation to the coil (5) being dependent 
on the position of said element (9), wherein the device 

15 comprises: 

an amplifier means (12) for connecting a regularly 
alternating voltage to said coil (5), and 

a measuring device (6) for measuring the current (i) 
flowing through the coil (5), 

20 characterised by 

the measuring device (6) being intended for 
measuring a first period of time (ti) needed for said 
current (i) to change from a first predetermined level 
(ii) to a second predetermined level (it); 

25 the measuring device (6) being intended for 

measuring a second period of time (t 2 ) passing from when 
said voltage changes polarity until said current (i) 
reaches said second predetermined level (i 2 ) ; and 

said measuring device (6) being intended for 

30 deriving a measurement of the temperature (T) in 
connection with the detector (1) on the basis of the 
measurements of said first period of time (ti) and said 
second period of time (t 2 ) . 
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